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A woman's reproductive history is strongly associated with her risk of ovarian cancer.
However, it is unclear how pregnancies of different duration impact a woman's ovar-
ian cancer risk, and therefore, what part of a pregnancy explains the protective
effect. Using a cohort of all Danish women followed from 1968 to 2018, with pro-
spectively registered information on reproductive history (eg, gestational duration of
pregnancies, tubal ligation and resection and hormonal pharmaceutical use), we
investigated the effect of pregnancy duration on ovarian cancer risk. We adjusted for
potential confounders, such as age at pregnancy and time since pregnancy, using log-
linear Poisson regression to isolate the effect of pregnancy duration on ovarian can-
cer risk. Among 2.5 million Danish women with 4.4 million pregnancies, a pregnancy
was associated with a reduction of ovarian cancer risk of 21% (95% Cl, 14%-28%),
26% (95% Cl, 21%-31%), 12% (95% Cl, 7%-17%) and 3% (95% CI, —5% to 11%) com-
pared to one less, for the first, second, third and fourth pregnancy, respectively
(P < .001 for heterogeneity), with similar effects of induced abortions, spontaneous
abortions and childbirths. Sensitivity analysis of age at pregnancy, time since preg-
nancy and other potential confounders did not change these findings. The reduced
ovarian cancer risk associated with pregnancy is primarily driven by the first three
pregnancies, with similar effects of induced abortion, spontaneous abortions and
childbirth, suggesting that mainly exposure to early pregnancy factors, and not preg-

nancy duration, protect against ovarian cancer.
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What's new?

Full-term pregnancies are known to be associated with a decreased risk of ovarian cancer. How-
ever, it remains unclear how pregnancies of shorter durations influence ovarian cancer risk. In
this 50-year nationwide cohort study of 2.5 million women, the authors found that the reduced
ovarian cancer risk associated with pregnancy is primarily driven by the first three pregnancies,

with similar effects of induced abortion, spontaneous abortions and childbirth. The results imply

Abbreviations: Cl, confidence interval; CRS, Danish Civil Registration System; ICD, International Classification of Diseases.
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that exposure to early pregnancy factors, and not pregnancy duration, is the main protective

mechanism against ovarian cancer.

1 | INTRODUCTION

Ovarian cancer has the worst prognosis of the common female can-
cers with limited effects of current screening and treatment modali-
ties.>? Yet, it is well-established that both a woman's life-time use of
oral contraceptives and her number of pregnancies are associated
with a strong decreased risk of ovarian cancer. However, while there
is firm evidence of a dose-response relationship between duration of
oral contraceptive use and decreased ovarian cancer risk,%~ it is not
clear how duration of pregnancy influences ovarian cancer risk.® A
recent pooled analysis of 15 case-control studies suggests that even
incomplete pregnancies lasting <6 months reduce ovarian cancer
risk,” but it is unknown if the protection associated with pregnancy is
a consequence of a minimal duration of each pregnancy or the total
duration of all pregnancies.

Using 50 years of nationwide follow-up for ovarian cancer in a
full population cohort of 2.5 million women with prospectively regis-
tered and highly detailed information on reproductive factors (eg, ges-
tational duration of pregnancies resulting in childbirth, gestational
duration at time of induced abortion, spontaneous abortions, tubal
ligations and resections and hormonal pharmaceutical use), we investi-
gated the association between pregnancy duration (by pregnancy type
and number of months pregnant) and ovarian cancer risk. The effect
of pregnancy duration was analyzed by comparing effects of pregnan-
cies resulting in childbirth and shorter pregnancies (ie, induced and
spontaneous abortions), in addition to estimating effects of three
additional months of pregnancy, irrespective of pregnancy type. To
narrow in on the effect of pregnancy duration on ovarian cancer risk,
we also considered other potentially important factors, such as mater-
nal age at pregnancy, time since pregnancy and histological subtype
of ovarian cancer.

2 | METHODS

2.1 | Population cohort

We created a nationwide population cohort of all Danish women,
born from 1935 and aged 12 years or more, from 2 April 1968, until
31 December 2018, using the Danish Civil Registration System
(CRS) which contains prospectively registered demographic infor-
mation on all Danish residents.® The CRS assigns a unique identifi-
cation number for residents and allows linkage to family members,
including cohabitating children starting from 1968 in addition to
linkage to other health and population registries (eg, The National
Registry of Induced Abortions, The Medical Birth Registry, The Dan-
ish National Patient Registry and socioeconomic registries at Statis-

tics Denmark).

2.2 | Study variables

The National Registry of Induced Abortion includes information on
procedural date and week of gestation for induced abortions in
Denmark, starting from 1973, while the Medical Birth Register
includes week of gestation for all childbirths in Denmark starting from
1978, as previously described.” The Danish National Patient Registry
holds prospectively registered information on spontaneous abortions,
endometriosis and other disease categories diagnosed in hospital set-
tings. Information on tubal ligation (including tubectomy and tubal
resection), oophorectomy and hysterectomy was registered according
to the Danish Classification of Surgical Procedures and Therapies
from 1977 to 1995, and from 1996 onwards according to the Nordic
Medico-Statistical Committee Classification of Surgical Procedures.®
Use of oral contraceptives and hormone replacement therapy is regis-
tered in The Danish National Prescription Registry starting in 1995,
which contains information on all filled prescriptions.!* Information
on socioeconomic covariates such as educational attainment, urbani-
city and marital status was obtained from Statistics Denmark®? (see
Table 1 for categorization). For further information on coding of spe-
cific study variables and study timeline see Table S1 and Figure 1.

23 | Outcomes

The Danish Cancer Registry has since 1943 registered incidence of
cancer in Denmark and is considered close to complete.'® Ovarian
cancer was defined by the ICD-7 coding system until 1977 and by
ICD-10 coding system from 1978. Histological subtypes from 1978
were specified by ICD-O-3 morphology codes as described

previously.**

24 | Subjects

The cohort was followed from 2 April 1968, for diagnosis of ovarian
cancer, death or emigration until 31 December 2018. Subjects were
censored at oophorectomy (both unilateral and bilateral) but also hys-
terectomy to avoid potential misclassification of hysterectomies that

included a concurrent oophorectomy.

2.5 | Statistical analyses

We estimated incidence rate ratios (relative risks) of ovarian cancer
using log-linear Poisson regression, adjusting analyses for effects of
age, calendar period (in 10-year intervals) and interaction between

calendar period and age, in addition to other potential confounders.
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TABLE 1

Person-years and ovarian cancer events according to

number of induced abortions, number of childbirths, age at first
pregnancy, age at latest pregnancy, duration of latest pregnancy, time
since latest pregnancy, attained age, birth cohort, educational
attainment, marital status and urbanicity, from 2 April 1968 to 31

December 2018

Characteristic

Total cohort

Number of induced abortions

0

>2
Number of childbirths

0
1
2
3

>4

Age at first pregnancy (years)
<30
230

Age at latest pregnancy (years)
<30
230

Person-years
(in 1000s) (%)

74 885
(100.0%)

63 555 (84.9%)
8513 (11.4%)
2818 (3.8%)

30 644 (40.9%)

11 303 (15.1%)

21 827 (29.1%)
8567 (11.4%)
2544 (3.4%)

41 802 (90.1%)
4586 (9.9%)

27 097 (58.4%)
19 292 (41.6%)

Duration of latest pregnancy (weeks)

Nulligravid women
<12

12-21

22-36

237

Missing gestational
duration

28 497 (38.1%)
7158 (9.6%)
163 (0.2%)
1084 (1.4%)
19 261 (25.7%)
(

18 722 (25.0%)

Time since latest pregnancy (years)

<10
210

Attained age (years)
<50
250

Birth cohort
1935-1939
1940-1944
1945-1949
1950-1959
1960-

Educational attainment®
Primary schooling
Short basic education

Higher education

22 229 (47.9%)
24 159 (52.1%)

68 294 (91.2%)
6591 (8.8%)

5862 (7.8%)

7346 (9.8%)

8788 (11.7%)
16 330 (21.8%)
36 560 (48.8%)

34 819 (46.5%)
25 182 (33.6%)
14 884 (19.9%)

Ovarian cancer
events (%)

8566 (100.0%)

7194 (84.0%)
1035 (12.1%)
337 (3.9%)

1624 (19.0%)
1608 (18.8%)
3452 (40.3%)
1417 (16.5%)

465 (5.4%)

6367 (89.8%)
722 (10.2%)

3921 (55.3%)
3168 (44.7%)

1477 (17.2%)
1010 (11.8%)
24 (0.3%)
98 (1.1%)
1588 (18.5%)
4369 (51.0%)

806 (11.4%)
6283 (88.6%)

5476 (63.9%)
3090 (36.1%)

2025 (23.6%)
1910 (22.3%)
1731 (20.2%)
1835 (21.4%)
1065 (12.4%)

3520 (41.1%)
3096 (36.1%)
1950 (22.8%)

(Continues)
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TABLE 1 (Continued)

Ovarian cancer
events (%)

Person-years

Characteristic (in 1000s) (%)

Marital status®

Married 34 052 (45.5%) 5359 (62.6%)

Divorced 6030 (8.1%) 1235 (14.4%)

Widowed 1812 (2.4%) 700 (8.2%)

Unmarried 32 991 (44.1%) 1272 (14.9%)
Urbanicity©

Rural 38 348 (51.2%) 3857 (46.0%)

Urban 36 537 (48.8%) 4526 (54.0%)

#Missing educational attainment status (8985 k person-years and 175
events) was categorized as primary schooling.

bNo registered marital status was categorized as unmarried.
“Information on urbanicity was available from 1 January 1976. In total
7232 k person-years and 183 events had missing information on
urbanicity. Missing information on urbanicity after 1 January 1976, was
categorized as urban.

First, we classified pregnancy (including both induced abortions and
childbirths) as a categorical variable and estimated relative effects of
pregnancies using either no pregnancies or the previous pregnancy as
reference (as described previously®). To assess differences in effects
by pregnancy number, we compared a model with identical effects of
each pregnancy to a model with categorical effects by pregnancy
number. Second, we estimated effects of pregnancy as categorical
variable by pregnancy type, including spontaneous abortions with
information from 1 January 1977. To assess differences in effects by
pregnancy type, we compared models with same effects of each preg-
nancy, regardless of type, by each individual pregnancy number and
overall, to models with categorical effects of pregnancy number and
type. Furthermore, we estimated pregnancy effects by ovarian cancer
subtype and compared overall differences between pregnancy types
for each subtype.

Additionally, we investigated effect of induced abortions and
childbirths by specific gestational duration, and assessed difference in
weekly duration of pregnancy. Further, to investigate an effect of time
span between pregnancies, we explored differences in ovarian cancer
risk by time span between the first and the latest pregnancy, using
<5 years between pregnancies as reference, among women with two,
three or four pregnancies, respectively. Finally, to explore the extent
of the association between pregnancy and ovarian cancer, we esti-
mated the relative risk of ovarian cancer among women with one, two
or three pregnancies, compared to nulligravid women, by time since
latest pregnancy.

In sensitivity analyses, we investigated general models with contin-
uous effect of pregnancy duration, maternal age at pregnancy and time
since pregnancy. In these models we investigated individual effects of
pregnancy number, pregnancy timing and ovarian cancer subtype. For
induced abortions and childbirths with missing information on gesta-
tional duration we used mode imputation to determine pregnancy
duration (8 weeks for induced abortions and 40 weeks for childbirths).
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FIGURE 1 Overview of study timeline [Color figure can be viewed at wileyonlinelibrary.com]

In further sensitivity analyses, we considered specific effects of number
of induced abortions, oral contraceptive use, hormone replacement
therapy, hysterectomy, clinical infertility, follow-up calendar period and
socioeconomic factors, by pregnancy number and pregnancy type.
Finally, we investigated potential implications of underlying fecundity
by analyzing the effect of one additional third pregnancy among
women who had 2 years or less between their first and second preg-
nancy, representing high ability to conceive (ie, high fecundity). All ana-
lyses were performed in SAS© version 9.4 using PROC GENMOD.

3 | RESULTS

Our main cohort included 2 457 932 women who were followed for
74 885 334 person-years (in average 30.5 years). The women experi-
enced 4 189 565 pregnancies of which 702 302 were induced abor-
tions and 3 487 263 were childbirths. During the 50-year follow-up,
8566 women developed ovarian cancer (see Table 1 for full demo-
graphic description of the cohort).

Using nulligravid women as reference, pregnancy was associated
with 21% (95% Cl, 14%-28%), 42% (95% Cl, 37%-47%), 49% (95% Cl,
44%-53%) and 51% (95% Cl, 45%-55%) risk reduction for respectively
one, two, three and four or more pregnancies (Table 2). Comparing with
one pregnancy less, each pregnancy was associated with a risk reduc-
tion of 21% (95% Cl, 14%-28%), 26% (95% Cl, 21%-31%), 12% (95%
Cl, 7%-17%) and 3% (95% Cl, —5%-11%) for the first, second, third and
fourth pregnancy, respectively (P < .001 for heterogeneity). A similar
pattern was found when only considering childbirths (see Table S2).

Investigating the effect of pregnancy type on ovarian cancer risk
(Table 3), including information on spontaneous abortions from 1977,
we found no differences between the effects of induced abortion,
spontaneous abortion and childbirth, for the first (P = .51), second
(P = .51), third (P = .17), fourth pregnancy (P = .86) or overall (P = .40).

TABLE 2 Ovarian cancer risk by number of pregnancies, with no
pregnancies and previous pregnancy as reference, respectively

Adjusted relative
risk (95% Cl)
with nulligravid
as reference®

Adjusted relative risk
(95% CI) with previous

Pregnancy number pregnancy as reference®?

Nulligravid 1 (ref.) —

First 0.79 (0.72-0.86) 0.79 (0.72-0.86)
Second 0.58 (0.53-0.63) 0.74 (0.69-0.79)
Third 0.51 (0.47-0.56) 0.88 (0.83-0.93)

Fourth or more

0.49 (0.45-0.55)

0.97 (0.89-1.05)

2Adjusted for age, calendar period, tubal ligation/resection, endometriosis,
marital status, educational attainment, urbanicity and interaction between
calendar period and age, educational attainment, marital status and
urbanicity.

bp < .001 for heterogeneity.

In addition, we investigated effects of pregnancy type on the most
common ovarian cancer subtypes and found no overall differences
between abortions and childbirths (Table 4). Nevertheless, our subtype
specific results indicate that for clear-cell ovarian cancer a fourth preg-
nancy might also be protective. Investigating effects of specific gesta-
tional duration of induced abortions and childbirths (see Table S3), we
found little indication of difference by gestational duration stratified by
pregnancy number and type.

To explore potential effects of timing of pregnancies, we investi-
gated differences in ovarian cancer risk by time span between the first
pregnancy and the latest pregnancy, among women with two, three
or four pregnancies (see Table S4). We found no difference in ovarian
cancer risk by increasing time span between the pregnancies among
women with two (Pyeng = .67), three (Pyeng = .57) or four pregnancies
(Perena = .62).
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TABLE 3 Ovarian cancer risk by pregnancy number and type,
compared to one pregnancy less, including information on
spontaneous abortions

Adjusted relative risk

(95% Cl) by
pregnancy type,
Pregnancy number compared to one Test for
and type® pregnancy less” difference
First pregnancy
Induced abortion 0.85 (0.73-1.00) p=.51
Spontaneous abortion 0.84 (0.69-1.02)
Childbirth 0.79 (0.72-0.86)
Second pregnancy
Induced abortion 0.74 (0.64-0.86) P=.51
Spontaneous abortion 0.86 (0.72-1.02)
Childbirth 0.74 (0.69-0.79)
Third pregnancy
Induced abortion 0.95 (0.86-1.04) P=.17
Spontaneous abortion 0.88 (0.72-1.08)
Childbirth 0.85(0.80-0.91)
Fourth pregnancy
Induced abortion 1.01 (0.89-1.14) P=.86
Spontaneous abortion 0.91 (0.69-1.20)
Childbirth 0.95 (0.86-1.05)
Test for overall P=.40

difference®

@Median duration of registered spontaneous abortions was previously
estimated to 11 gestational weeks,® while median duration of induced
abortions and childbirths was eight and 40 gestational weeks, respectively.
PAdjusted relative risk compared to one pregnancy less, regardless of
pregnancy type. Adjusted for age, calendar period, tubal ligation/resection,
endometriosis, marital status, educational attainment, urbanicity and
interaction between calendar period and age, educational attainment,
marital status and urbanicity. Information on spontaneous abortions was
available for 42 years from 1 January 1977 to 31 December 2018, with
240 303 spontaneous abortions registered in this time period.

“Test for overall difference between spontaneous abortions, induced
abortions and childbirths, based on follow-up from 1 January 1977 to 31
December 2018. Tests for differences between induced abortions and
childbirths based on follow-up from 2 April 1968, are described in see
Table S13.

Examining the relative risk of ovarian cancer by time since latest
pregnancy, we found the protective effects associated with pregnancy
attenuated over time (Figure 2). However, even 40 years or more after
their latest pregnancy, women with two or three pregnancies had a
reduced relative risk of ovarian cancer of 30% (95% Cl, 20%-39%) and
43% (95% Cl, 31%-53%), respectively, compared to nulligravid women.

In detailed sensitivity analyses we explored individual and com-
bined effects of continuous gestational duration, maternal age at
pregnancy and time since pregnancy (see Tables S5 to S7). This alter-
native modeling approach allowed us to investigate effects of continu-
ous pregnancy duration on risk of ovarian cancer risk overall and

ovarian cancer subtypes. Beyond the effect of becoming pregnant,
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three additional months of pregnancy were only associated with 5%
(95% Cl, 3%-7%) reduced relative risk of ovarian cancer, with no dif-
ference by pregnancy number (P = .88), pregnancy type (P = .89) or
ovarian cancer subtype (P = .49). For maternal age at pregnancy no
substantial effect was found. On the contrary, for time since preg-
nancy, we found attenuation of pregnancy effects by increased time
since pregnancy (—5% [95% Cl, —4% to —7%)] reduced relative risk
per 10 years increased time since pregnancy).

In additional sensitivity analyses, we looked into the effects of
number of induced abortions (see Table S8), oral contraceptive use
(see Table S9), hormonal replacement therapy (see Table S10), clinical
infertility (see Table S11), hysterectomy (see Table S$12), follow-up cal-
endar period (see Table $13) and different socioeconomic factors (see
Table S14) and found no substantial confounding effect of any of
these factors. Furthermore, supplementary analyses of five or more
pregnancies and exclusively age-adjusted analyses provided no sub-
stantially different estimates compared to our main results
(Tables S15 to S17). Finally, we found no indication of a fecundity
effect, as a pregnancy was associated with reduced ovarian cancer

risk even among women with a similar fecundity level (see Table S18).

4 | DISCUSSION

In a nationwide cohort study of 2.5 million women with follow-up for
ovarian cancer over 50 years, we found pregnancy to be associated
with a marked reduction in ovarian cancer risk. The protective associ-
ation was, however, primarily driven by the first three pregnancies,
with similar effects by different pregnancy types and durations. Our
study thereby suggests that predominately factors associated with
early pregnancy and not the total duration of pregnancies, reduce a
woman's ovarian cancer risk.

Our study is to our knowledge the longest cohort study ever con-
ducted on reproductive factors and ovarian cancer risk. In addition,
with a total of 8566 ovarian cancer events, our cohort study has
approximately 10 times more events than a similar EPIC cohort study,
which included 786 ovarian cancer events in their analysis of induced
abortion and ovarian cancer risk.)> Using prospectively collected
nationwide information from the Danish national registries, we had
the advantage of a complete population, long-term follow-up, no
recall bias and little, if any, relevant misclassification. Furthermore, the
precise information on timing and gestational duration of individual
pregnancies allowed us to consider potential effects related to preg-
nancy order, pregnancy timing, maternal age at pregnancy and time
since pregnancy, alone and in combination.

The cohort was, however, limited to 24 years of follow-up for oral
contraceptive use. Nevertheless, using individual-level information for
all women born in 1978 who had complete follow-up for oral contra-
ception use from 16 to 40 years of age, we were able to finely esti-
mate cumulative oral contraception use by number of induced
abortions and childbirths, and maternal age at pregnancies, and
impute the use for all women born from 1950. Given the stable

uptake of oral contraceptives among women in Denmark from the
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TABLE 4 Ovarian cancer risk by pregnancy number and type, compared to one pregnancy less, by subtype of ovarian cancer based on

follow-up from 1 January 1978

Pregnancy number and type

First pregnancy
Abortion, any

Childbirth

Second pregnancy

Abortion, any

Childbirth
Third pregnancy

Abortion, any

Childbirth

Fourth pregnancy

Abortion, any
Childbirth

Test for overall difference®

Clear-cell
(Nevents = 471)

Adj. relative risk (95% CI)*

0.77 (0.44-1.32)
0.77 (0.55-1.08)

0.93 (0.57-1.50)
0.58 (0.44-0.77)

0.93(0.60-1.43)
0.73 (0.54-1.00)

0.55 (0.29-1.08)
0.55 (0.32-0.95)
P=.65

Endometrioid
(Nevents = 1186)

Adi]. relative risk (95% CI)*

0.71 (0.51-1.00)
0.63 (0.50-0.79)

0.72 (0.51-1.02)
0.67 (0.55-0.81)

0.78 (0.58-1.05)
0.85 (0.69-1.04)

0.97 (0.68-1.38)
0.89 (0.66-1.21)
P=.95

Mucinous
(Nevents = 1003)

Ad]. relative risk (95% CI)*

0.70 (0.49-1.01)
0.86 (0.67-1.12)

0.89 (0.63-1.25)
0.75 (0.61-0.93)

0.87 (0.65-1.17)
0.84 (0.68-1.03)

1.10(0.78-1.55)
1.05 (0.78-1.40)
P=.83

Serous
(Nevents = 5178)

Ad]. relative risk (95% CI)*

1.06 (0.90-1.24)
0.86 (0.77-0.98)

0.83(0.71-0.97)
0.81 (0.74-0.89)

0.98 (0.87-1.11)
0.82 (0.75-0.90)

0.98 (0.85-1.14)
0.99 (0.87-1.12)
P =.08

2Adjusted relative risk compared to one pregnancy less, regardless of pregnancy type. Adjusted for age, calendar period, tubal ligation/resection,
endometriosis, marital status, educational attainment, urbanicity and interaction between calendar period and age, educational attainment, marital status
and urbanicity. Information on ovarian cancer subtypes was available for 41 years from 1 January 1978 to 31 December 2018.

bTest for overall difference between any abortion and childbirth. More specifically, the test is comparing the model as presented in Table 4 with an
alternative model where there are identical effects of abortion and childbirth within each parity.

1960s,*¢ we have little reason to believe the pattern of oral contra-
ceptive use markedly changed over time, and our analysis substantiate
no important confounding effect of oral contraceptive use by preg-
nancy type on ovarian cancer risk. If anything, a previous study sug-
gests less stringent adherence to oral contraceptives among women

7 which would bias our results

with repeated induced abortions,*
toward an even more similar effect of induced abortions and child-
births, as longer duration of oral contraceptive use is associated with
a decreased life-time risk of ovarian cancer.® Support for such a sce-
nario is also indicated by our sensitivity analysis in which the small
group of women with two or more induced abortions was excluded
and the effect of induced abortion and childbirth was nearly identical.
In this analysis, were all estimates for induced abortions pertain to a
single exposure to an induced abortion, we found significantly
reduced risk of ovarian cancer relating to induced abortion, regardless
of whether it occurred as a woman's first, second or third pregnancy.
Finally, a recent large pooled case-control analysis by Lee et al simi-
larly found a strongly reduced ovarian cancer risk associated with
exposure to incomplete pregnancies even when adjusting for oral con-
traceptive use.” Nevertheless, our study suggested stronger protec-
tive effects of complete than incomplete pregnancies. However, the
study did not investigate the role of pregnancy order or specific gesta-
tional duration, and there was no differentiation between spontane-
ous and induced abortions.

We found no meaningful indications of a protective effect on
ovarian cancer risk of additional pregnancies after the third preg-
nancy. However, our cohort had no information on breastfeeding,

which has been associated with a reduced risk of ovarian cancer.'®

This aspect of reproductive life could bias our results as women with
four or more children might have different breastfeeding patterns
compared to women with fewer children.? The observed minimal
effect of the fourth and additional pregnancies could also be due to
the lower duration of oral contraceptive use among women with
many pregnancies. Nevertheless, similar minute effects of more than
three pregnancies were indicated by Lee et al, who adjusted for oral
contraceptive use and breastfeeding.” Furthermore, the finding is con-
sistent with a study of grand multiparous women that did not find any
additional childbirths beyond the fifth childbirth to be associated with

any reduction in ovarian cancer risk.?°

Taken together, these results
suggest an important role of pregnancy order, whereby the reduction
in ovarian cancer risk is primarily obtained with the first three
pregnancies.

Three large observational studies have previously looked into dif-
ferential effects of childbirths on ovarian cancer histological sub-
types.”?122 All three studies found protective effects of childbirth on
the risk of each major subtype of ovarian cancer subtype (ie, serous,
mucinous, endometrioid and clear-cell ovarian cancer), which also was
found in our study. Nevertheless, the previous studies found hetero-
geneity of childbirth effects by ovarian cancer subtype, with results
suggesting more protection from endometrioid and clear-cell ovarian
cancer with exposure to childbirth. This tendency was also seen in our
analysis of risk of ovarian cancer subtypes, but with regards to the dif-
ference between abortions and childbirths, no statistically significant
difference for each ovarian cancer subtype was found. Furthermore,
in our alternative modeling approach were we investigated effects of

continuous pregnancy duration (by three additional months of
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FIGURE 2 Relative risk of ovarian cancer by time since latest
pregnancy compared to nulligravid women, stratified by number of
pregnancies. Adjusted for age, calendar period, tubal ligation/
resection, endometriosis, marital status, educational attainment,
urbanicity and interaction between calendar period and age,
educational attainment, marital status and urbanicity [Color figure can
be viewed at wileyonlinelibrary.com]

pregnancy) on ovarian cancer risk, we did not find statistical different
effects by ovarian cancer subtype. Thus, even larger studies and
meta-analyses are needed to look into potential differential effects of
pregnancy duration on the risk of ovarian cancer subtypes.

The small impact observed of gestational duration is underlined
by the relatively strong protective associations with both induced and
spontaneous abortions which have median durations of eight and
11 gestational weeks, respectively, compared to the median 40 weeks
of pregnancies resulting in childbirth. Furthermore, the discovery of a
protective association between short-term pregnancies and ovarian
cancer risk mirrors recent findings on endometrial cancer.?®24
Together, these findings support that short-term exposure to a preg-
nancy can result in long-term reduced risk of malignancy. However, in
contrast to endometrial cancer, the protective association with ovar-
ian cancer is primarily driven by the first three pregnancies.

Three main hypotheses have tried to explain the protective role
of pregnancy on ovarian cancer risk; “the incessant ovulation

hypothesis” stressing the number of ovarian cycles suppressed
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during each pregnancy,?® “the gonadotropin hypothesis” stressing
suppressed effects of pituitary gonadotropins during pregnancy,?®
and “the cell clearance hypothesis” stressing the removal of accumu-
lated premalignant cells during a woman's latest pregnancy.?” Our
findings go strongly against the incessant ovulation hypothesis and
the gonadotropins hypothesis, as we only find minor effect of preg-
nancy duration (ie, number of suppressed ovarian cycles), either
across or within pregnancy type, and as pregnancies beyond the
third seem to have little effect. Furthermore, the incessant ovulation
hypothesis has fallen out of favor since most ovarian cancers are
thought to have tubal origin.® The competing theory, the cell clear-
ance hypothesis, is supported by two of our findings. First, we find
that the initial pregnancies are associated with the strongest reduc-
tion in risk, while later pregnancies have little effect, in line with
fewer accumulated premalignant cells at the beginning of each addi-
tional pregnancy. Second, we find attenuation of the protective
effect of pregnancy by increasing time since pregnancy, congruent
with a renewed accumulation of premalignant cells following preg-
nancy. However, we found no meaningful protective effect of higher
maternal age at pregnancy (ie, a longer extent of potential clearance
of premalignant cells), when adjusted for time since pregnancy. Like-
wise, comparing time span between pregnancies among women with
an identical number of pregnancies, we found no trend whereby an
increasing time span between pregnancies was associated with
lower risk of ovarian cancer. Thus, none of the main theories ade-
quately fits the epidemiological findings.

The risk reduction associated with pregnancy could instead be
a result of underlying fecundity, whereby a pregnancy serves as a
marker for a healthy reproductive system, as some nulliparous
women are nulliparous due to reduced fecundity. Nevertheless,
we found a protective effect of even spontaneous abortions,
which are not attributed to a healthy reproductive system. Fur-
thermore, an additional third pregnancy had a markedly protective
effect even among women with a comparable high level of
fecundity.

To accommodate these findings we introduce a new hypothesis,
termed “the dormant cell hypothesis.” Given the similar effects of
induced abortions, spontaneous abortions and childbirths, we pro-
pose that primary protective changes occur early in pregnancy.
Unlike the clearance hypothesis, we suggest that these changes do
not eliminate premalignant cells, but modify the cells of the distal fal-
lopian tube epithelium, where most ovarian cancers are thought to
arise,?® into a dormant, less active, state. The dormant state is subse-
quently reinforced by additional pregnancies, with saturation follow-
ing the first two to three pregnancies and little added benefit
hereafter. Following a woman's last pregnancy, the dormant state is
gradually lost over decades, in accordance with attenuation of risk
reduction by increased time since pregnancy, reestablishing potential
for malignant transformation of epithelial cells. Similarly, the notion
of a dormant state has recently been used to describe ovarian cancer
precursor lesions with low degree of proliferation,?’ despite cancer-
ous genetic alterations. The many hormonal changes during preg-

nancy, both systemically and locally within the reproductive organs,
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could results in such changes of the epithelium. The specific mecha-
nism behind a lower degree of proliferation in the dormant state is
unknown, but epigenetic alteration or other intracellular changes
within the fallopian tube epithelium could explain this phenomenon.
Our hypothesis is therefore concordant with recent pathological
findings on the origin of ovarian cancer, which also suggests that a
“dormant” epithelial cell state protects against tumor development.
Nevertheless, more research into specific biological mechanisms
which can explain our epidemiological findings are needed.

We believe our results add to the understanding of the relation-
ship between pregnancy and ovarian cancer risk and provide evidence
for protective effects of early pregnancy factors, unrelated to preg-
nancy duration. Our findings furthermore indicate that a transient bio-

logical factor in early pregnancy reduces ovarian cancer risk.
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